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FIG. 1 
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FABRICATING FERROELECTRIC MEMORY 
DEVICE WITH PHOTORESIST AND 

CAPPING LAYER 

BACKGROUND 

The inventions relate in general to fabricating a ferroelec 
tric memory device. More speci?cally, the inventions relate 
to fabricating a ferroelectric memory device, in Which a 
ferroelectric thin ?lm is deposited by using a spin-on pro 
cess. 

There have been efforts made to develop a large capacity 
semiconductor memory device in Which a ferroelectric thin 
?lm is used in a ferroelectric capacitor so that the refresh 
limitation of a dynamic random access memory (DRAM) 
can be overcome. Such a ferroelectric random access 

memory (“FeRAM”) that utiliZes the ferroelectric thin ?lm 
is a kind of nonvolatile memory device. This FeRAM retains 
the stored information even When poWer is removed from 
the device. Its operating speed is comparable to that of 
DRAM. Accordingly, attention is increasing turning to 
FeRAM as a likely candidate for a neXt generation memory 
device. 

The charge storing material for this FeRAM device is a 
ferroelectric thin ?lm such as, for examples, SrBi2Ta2O9 
(“SBT”) and Pb(ZrxTi1_x)O3 (“PZT”). The ferroelectric thin 
?lm has tWo stable remnant polariZations (Pr). Thus it is 
formed into a thin ?lm for use in nonvolatile memory. A 
nonvolatile memory device Which uses ferroelectric thin 
?lm makes use of a hysteresis characteristic to store ‘1s’ and 
‘0s’ using the remnant polariZation that is present When an 
electric ?eld is removed after inputting the signals by 
adjusting the polariZation direction in the direction of the 
imposed electric ?eld. 

In the case Where a ferroelectric thin ?lm such as SrBi2 

(Ta2_xNbx)2O9 (“SBTN”) or (Bi4_xLax)Ti3O12 (“BLT”) hav 
ing a layered perovskite structure is used to form a ferro 
electric capacitor, there are formed upper and loWer 
electrodes Which are generally made of Pt, Ir, Ru, IrOx, 
RuOx, Pt-alloy or the like. 

Ferroelectric thin ?lms can be deposited several Ways 
including: (1) spin-on method, (2) physical vapor deposition 
method (PVD), and (3) chemical vapor deposition method 
(CVD). These methods are being studied studied, but have 
not proven to be practical. 

In general, the spin-on method has not provided suf?cient 
conformability to the topology of the substrate, and 
therefore, a ?attening process such as the chemical 
mechanical polishing (CMP) must be carried out during the 
fabrication of the FeRAM. 

FIG. 1 (Prior Art) illustrates the method for fabricating the 
FeRAM by the conventional technique. 
As shoWn in FIG. 1 (Prior Art), a ?eld oXide ?lm (FOX) 

12 is formed on a semiconductor substrate 11, and then, a 
?rst polysilicon layer P1 is deposited on the semiconductor 
substrate. Then the ?rst polysilicon layer P1 is patterned to 
form a plurality of Word lines 13. 

Then an n-type dopant is ion-implanted into the semicon 
ductor substrate 11 by using the Word lines 13 as a mask, 
thereby forming a plurality of n+ sources/drains 14. Then a 
?rst interlayer dielectric ?lm 15 is formed on the entire 
surface of the semiconductor substrate 11 that includes the 
Word lines 13. 

Then the ?rst interlayer dielectric ?lm 15 is selectively 
patterned to form a bit line contact hole by exposing a part 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
of the n+ sources/drains 14. Then a second polysilicon layer 
P2 is deposited on the entire surface including the bit line 
contact hole. Then a patterning process is carried out. Thus 
there are formed a plurality of bit lines 16 Which are 
electrically connected through the contact holes to the 
sources/drains 14. 
Then a second interlayer dielectric ?lm 17 is formed on 

the ?rst interlayer dielectric ?lm 15 including the bit lines 
16. Then the second interlayer dielectric ?lm 17 is selec 
tively patterned to form a plug contact hole. In the region of 
the plug contact hole, the sources/drains 14 eXcept the 
portions connected to the bit lines 16 are eXposed. 

Then, a third polysilicon layer P3 is deposited on the 
second interlayer dielectric ?lm 17, and then, a recessing 
etch-back is carried out to form a polysilicon plug 18 Which 
is buried doWn to a certain depth of the contact hole. 

Then titanium (Ti) is deposited on the entire surface, and 
a heat treatment is carried out, so that reactions betWeen Ti 
and Si of the polysilicon plug can be induced. Thus a Ti 
silicide layer 19 is formed on the polysilicon plug 18. The Ti 
silicide layer 19 forms an ohmic contact betWeen the poly 
silicon plug 17 and a loWer electrode that Will be formed 
later. 
Then a TiN layer 20 is formed on the Ti silicide layer 19. 

Then, the TiN layer 20 is subjected to a chemical 
mechanical polishing (CMP). Then a barrier metal layer is 
formed to completely ?ll the plug contact hole and to form 
a stacked structure of the Ti-silicide/TiN layers 19 and 20. 
Then a loWer electrode 21 and a ferroelectric thin ?lm 22 

are sequentially deposited on the barrier metal layer and on 
the second interlayer dielectric ?lm 17. 
As described above, the high-density memory device 

having the COB (capacitor on bit line) structure as in the 
conventional technique has the folloWing features. Acapaci 
tor is formed on the polysilicon plug 18, and during the 
contact etching for forming the polysilicon plug 18 in the 
cell region I, an aligning key region is simultaneously 
formed in a scribe lane region II. 

Particularly, in the case Where the chemical-mechanical 
polishing is carried out, if the polysilicon plug 18 is to be 
formed by a single step, then the contact hole has to have a 
depth of at least 10000 Further, When etching the plug 
ging contact hole, the aligning key and an overlay vernier 
are simultaneously formed in the scribe lane region That 
is, there is formed a contact hole Which has a depth of 10000 
A and a Width of 100 pM><100 pm 

Accordingly, the scribe lane region II is not ?lled during 
the formation of the polysilicon plug 18. In this state, the 
loWer electrode 21 and the ferroelectric thin ?lm 22 for the 
capacitor are deposited. 
The loWer electrode 21 is deposited generally by applying 

the physical vapor deposition method (PVD), and therefore, 
there is no problem. HoWever, the ferroelectric thin ?lm 22 
is deposited using the spin-on method, and therefore, the 
thickness of the ferroelectric thin ?lm 22 is signi?cantly 
increased in the scribe lane region II. 

This thick ferroelectric thin ?lm 22 causes cracks 23 to a 
serious degree during a forth-coming crystalliZing heat 
treatment, and therefore, the alignment and the overlay 
cannot be checked, With the result that the manufacture of 
the device becomes dif?cult. 

SUMMARY 

The inventions claimed and/or described in this document 
overcome the above-described limitations associated With 
conventional techniques. 
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According to one aspect of the inventions, there is pro 
vided a method for fabricating a ferroelectric memory 
device, in Which the cracking of the ferroelectric thin ?lm is 
inhibited during a heat treatment in a scribe lane region (for 
forming an aligning key and an overlay vernier). 

One of the inventive methods for fabricating a ferroelec 
tric memory device includes: forming a transistor on a cell 
region of a semiconductor substrate, the semiconductor 
substrate including the cell region and a scribe lane region, 
and the transistor including a source/drain; forming a ?rst 
interlayer dielectric ?lm upon the transistor; selectively 
etching the ?rst interlayer dielectric ?lm to form a ?rst 
contact hole and to expose the source/drain; forming a ?rst 
conductive ?lm on an entire surface (including the ?rst 
contact hole); selectively etching the ?rst conductive ?lm to 
form a ?rst conductive pad, the ?rst conductive pad being 
connected through the ?rst contact hole to the source/drain; 
forming a second interlayer dielectric ?lm on an entire 
surface (including the ?rst conductive ?lm); selectively 
etching the second interlayer dielectric ?lm to form a second 
contact hole and to expose the ?rst conductive pad so as to 
form an aligning key region in the scribe lane region; 
forming a second conductive ?lm on an entire surface 
(including the second contact hole); selectively etching the 
second conductive ?lm to form a plug, the plug being 
connected through the second contact hole to the ?rst 
conductive pad; and sequentially forming a loWer electrode, 
a ferroelectric thin ?lm and an upper electrode on the second 
interlayer dielectric ?lm (including the plug). 

According to another aspect of the inventions, there is 
provided a method for fabricating a ferroelectric memory 
device including: forming a transistor on a cell region of a 
semiconductor substrate, the semiconductor substrate 
including the cell region and a scribe lane region, and the 
transistor including a source/drain; forming a ?rst interlayer 
dielectric ?lm on an entire surface (including the transistor); 
selectively etching the ?rst interlayer dielectric ?lm to form 
a ?rst contact hole and to expose a dopant junction layer; 
simultaneously forming a bit line and a landing pad so as to 
be connected through the ?rst contact hole to the dopant 
junction layer; forming a second interlayer dielectric ?lm on 
an entire surface (including the bit line and the landing pad); 
selectively etching the second interlayer dielectric ?lm to 
form a second contact hole and to expose the landing pad so 
as to form an aligning key region in the scribe lane region; 
burying a stacked ?lm of a plug and a barrier ?lm into the 
second contact hole; and sequentially forming a loWer 
electrode, a ferroelectric thin ?lm and an upper electrode on 
an entire surface (including the barrier ?lm). 

BRIEF DESCRIPTION OF THE DRAWINGS 

The inventions Will be further described in terms of 
speci?c exemplary embodiments described With reference to 
the attached draWings in Which: 

FIG. 1 (Prior Art) is a sectional vieW of the ferroelectric 
memory device Which is fabricated according to a conven 
tional technique; and 

FIGS. 2a to 2d are sectional vieWs shoWing a method for 
fabricating the ferroelectric memory device according to the 
inventions. 

DETAILED DESCRIPTION 

An exemplary embodiment of the inventions Will be 
described referring to the attached draWings, in such a 
manner that those ordinarily skilled in the art can easily 
carry out the present invention. 
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4 
FIGS. 2a to 2d are sectional vieWs shoWing a method for 

fabricating the ferroelectric memory device according to the 
inventions. 
As shoWn in FIG. 2a, a ?eld oxide layer (FOX) 32 is 

formed on a semiconductor substrate 31 to separate a cell 
region I from a scribe lane region Then a ?rst polysilicon 
layer P1 is deposited on the semiconductor substrate 31, and 
a patterning process is carried out to form a plurality of Word 
lines 33. 
Then a high concentration n-type dopant is ion-implanted 

by using the Word lines 33 as a mask so as to form a plurality 
of sources/drains 34 on the semiconductor substrate 31. 
Then a ?rst interlayer dielectric ?lm 35 is formed on the 
entire surface of the semiconductor substrate 31. 
The ?rst interlayer dielectric ?lm 35 is selectively pat 

terned to form contact holes so as to expose the plurality of 
the n+ sources/drains 34. Then a second polysilicon layer P2 
is formed on the ?rst interlayer dielectric ?lm 35 that 
includes the contact holes. 
Then photoresist is spread on the second polysilicon layer 

P2, and then, a patterning is carried out by exposure and 
development to form a patterned photoresist layer. Then the 
second polysilicon layer P2 is etched by using the patterned 
photoresist layer as a mask to form bit lines 36a and landing 
pads 36b, the bit lines 36a being electrically connected to the 
sources/drains 34, and the landing pads 36b being connected 
to a loWer electrode to be formed later. 

Thus When forming the bit line contact holes, there are 
simultaneously formed the contact holes for connecting the 
bit lines 36a, and the plug loWer structure 36b for being 
connected to the capacitor (Which is to be formed later). 

MeanWhile, in the case Where the bit lines 36a and the 
landing pads 36b are formed With the second polysilicon 
(P2), a phosphorus (P)-doped or arsenic (As)-doped poly 
silicon is used. Or tungsten or tungsten silicide may be 
used as the material for the bit lines 36a and the landing pads 
36b. 
Then as shoWn in FIG. 2b, a second interlayer dielectric 

?lm 37 is formed on the entire surface including the bit lines 
36a and the landing pads 36b. Then the second interlayer 
dielectric ?lm 37 is selectively patterned to form plug 
contact holes so as to expose relevant parts of the landing 
pads 36b. 
Then a third polysilicon layer P3 is deposited on the 

second interlayer dielectric ?lm 37 that includes the plug 
contact holes, and then, a recessing etch-back is carried out. 
Thus there is formed a polysilicon plug 38 Which is buried 
into the plugging contact hole doWn to a certain depth. 

During the etching of the plug contact hole, there is 
simultaneously formed a part 42 in Which an overlay vernier 
and aligning key of the scribe lane II are to be formed. The 
plug contact hole and the part 42 are etched to a same depth 
d of 1000 1i’\~5000 A. 

MeanWhile, in the case Where the third polysilicon P3 is 
used for forming the polysilicon plug 38, there is used a 
phosphorus-doped or arsenic-doped polysilicon. Further, 
besides the polysilicon plug 38, there can be used another 
plug material selected from the group consisting of: 
W-silicide, TiN, TiAlN, TaSiN, TiSiN, TaN, TaAlN, TiSi and 
TaSi. 
The plug material is deposited by applying a process 

selected from among a chemical vapor deposition method 
(CVD), a physical vapor deposition method (PVD) and an 
atomic layer deposition method 

In the case Where the third polysilicon P3 is used as the 
plug material, a recessing is carried out doWn to a depth of 
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500 A-5000 Meanwhile, in the case Where a material 
other than the polysilicon is used, a chemical-mechanical 
polishing or an etch-back is carried out, but the recessing 
etch-back process is not carried out. 

Then Ti is deposited on the entire surface, and a heat 
treatment is carried out in such a manner that reactions can 
be induced betWeen Ti and Si of the polysilicon plug 38, 
thereby forming a titanium silicide layer 39 on the polysili 
con plug 38. Under this condition, the titanium silicide layer 
39 Will form an ohmic contact betWeen the polysilicon plug 
38 and a loWer electrode that Will be formed later. 

Then a titanium nitride layer (TiN) 40 is formed on the 
titanium silicide layer 39, and then, a chemical-mechanical 
polishing (CMP) is carried out on the titanium nitride layer 
(TiN) 40 in such a manner that the plug contact hole should 
be completely ?lled. Thus a barrier ?lm of a stacked 
structure of the titanium silicide layer/the titanium nitride 
layer 39/40 is formed on the polysilicon plug 38. 

Then photoresist is spread on the second interlayer dielec 
tric ?lm 37 to form a photoresist layer 41, and then, a 
patterning is carried out to form a mask for opening the 
scribe lane region II. By using this mask, the residual 
titanium nitride of the scribe lane region II is removed after 
carrying out a chemical-mechanical polishing on the tita 
nium nitride layer 40. 

The removal of the residual titanium nitride is carried out 
by employing a Wet etch or a dry etch. 

Thus if the residual titanium nitride of the scribe lane 
region II is removed, the problems (such as titanium nitride 
bubbles) that may occur at the forth-coming process steps 
can be essentially eliminated. 

Then a loWer electrode 43, a ferroelectric thin ?lm 44 and 
an upper electrode 45 are sequentially deposited on the 
entire surface. Under this condition, the loWer electrode 43 
and the upper electrode 45 are deposited in a form of a thin 
?lm by employing a process selected from among the 
physical vapor deposition method (PVD), the chemical 
vapor deposition method (CVD) and the atomic layer depo 
sition method (ALD), While the ferroelectric thin ?lm 44 is 
formed by applying the spin-on method. 

Under this condition, the aligning key and overlay vernier 
regions that are formed in the scribe lane region II have a 
shalloW depth, and therefore, the ferroelectric thin ?lm 44 is 
deposited to a thin thickness. 

Then as shoWn in FIG. 2d, the upper electrode 45 is ?rst 
etched, and then, the ferroelectric thin ?lm 44 and the loWer 
electrode 43 are sequentially etched, thereby forming a 
capacitor consisting of a loWer electrode 43a/a ferroelectric 
thin ?lm 44a/an upper electrode 45a. 

Under this condition, a tWo-stage process can be carried 
out in Which ?rst the upper electrode 45a is etched, and then, 
the ferroelectric thin ?lm 44a and the loWer electrode 43a 
are simultaneously etched. Or a single stage process may be 
adopted in Which the upper electrode 45a, the ferroelectric 
thin ?lm 44a and the loWer electrode 43a are simultaneously 
etched. 

The ferroelectric thin ?lm 44a is formed by using any one 
selected from the group consisting of: SBT, PZT, BLT and 
SBTN. 

When the aligning key and overlay vernier regions are 
simultaneously formed during the formation of the polysili 
con plug as described above, the depths of the aligning key 
and overlay vernier regions become shalloW as much as the 
height of the landing pad. Accordingly, the thickness of the 
ferroelectric thin ?lm becomes shalloWer, and the cracking 
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6 
of the ferroelectric thin ?lm can be prevented at a later 
thermal process. 

The claimed inventions Were described With the aid of a 
speci?c preferred exemplary embodiment and the attached 
draWings, but it should be apparent to those ordinarily 
skilled in the art that various changes and modi?cations can 
be added Without departing from the spirit and scope of the 
present invention that Will be de?ned in the appended 
claims. 

According to the inventions as described above, the 
landing pad is formed before the formation of the polysili 
con plug. Therefore, When carrying out the etching for 
forming the plug contact hole together With the aligning key 
and overlay vernier regions, the depth of the regions can be 
made shalloW. As a result, the cracking of the ferroelectric 
thin ?lm can be prevented at the forth-coming process steps. 
What is claimed is: 
1. Amethod for fabricating a ferroelectric memory device, 

comprising the steps of: 
forming a transistor on a cell region of a semiconductor 

substrate, the semiconductor substrate including the 
cell region and a scribe lane region, and the transistor 
including a source/drain; 

forming a ?rst interlayer dielectric ?lm upon the transis 
tor; 

selectively etching the ?rst interlayer dielectric ?lm to 
form a ?rst contact hole and to eXpose the source/drain; 

forming a ?rst conductive ?lm on an entire surface 
(including the ?rst contact hole); 

selectively etching the ?rst conductive ?lm to form a ?rst 
conductive pad, the ?rst conductive pad being con 
nected through the ?rst contact hole to the source/drain; 

forming a second interlayer dielectric ?lm on an entire 
surface (including the ?rst conductive ?lm); 

selectively etching the second interlayer dielectric ?lm to 
form a second contact hole so as to eXpose the ?rst 
conductive pad and to form an aligning key region only 
in the second interlayer dielectric ?lm in the scribe lane 
region; 

forming a second conductive ?lm on an entire surface 
(including the second contact hole); 

selectively etching the second conductive ?lm to form a 
plug, the plug being connected through the second 
contact hole to the ?rst conductive pad; and 

sequentially forming a loWer electrode, a ferroelectric thin 
?lm and an upper electrode on the second interlayer 
dielectric ?lm (including the plug). 

2. The method as claimed in claim 1, Wherein the aligning 
key region is etched to a depth same as that of the second 
contact hole. 

3. The method as claimed in claim 1, Wherein the second 
contact hole and the aligning key region are formed doWn to 
a depth of 1000 1i’\~5000 A. 

4. The method as claimed in claim 1, Wherein the ?rst 
conductive ?lm is formed by using any one selected from the 
group consisting of: phosphorus-doped polysilicon, arsenic 
doped polysilicon, tungsten and tungsten silicide. 

5. The method as claimed in claim 1, Wherein the second 
conductive ?lm is formed by using any one selected from the 
group consisting of: phosphorus-doped polysilicon, arsenic 
doped polysilicon, tungsten, tungsten suicide, TiN, TiAlN, 
TaSiN, TiSiN, TaN, TaAlN, TiSi and TaSi. 

6. The method as claimed in claim 1, Wherein the step of 
forming the plug comprises the sub-steps of: 

burying the plug into the second contact hole; 
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forming a third conductive ?lm on the second interlayer 
dielectric ?lm, the second interlayer dielectric ?lm 
including the plug; 

carrying out a chemical-mechanical polishing on the third 
conductive ?lm until the second interlayer dielectric 
?lm is exposed; and 

removing a residual third conductive ?lm remaining on 
the scribe lane region. 

7. The method as claimed in claim 6, Wherein the third 
conductive layer is formed by using titanium nitride. 

8. The method as claimed in claim 6, Wherein the step of 
removing the third conductive ?lm comprises the sub-steps 
of: 

spreading photoresist on the second interlayer dielectric 
?lm to form a photoresist layer after carrying out the 
chemical-mechanical polishing on the third conductive 
?lm, and carrying out a patterning by eXposure and 
development so as to form a mask for eXposing the 
scribe lane region; and 

carrying out a dry or Wet etching on the residual third 
conductive ?lm of the scribe lane region by using the 
mask. 

9. The method as claimed in claim 1, Wherein a spin-on 
method is applied at the step of forming the ferroelectric thin 
?lm. 

10. A method for fabricating a ferroelectric memory 
device, comprising the steps of: 

forming a transistor on a cell region of a semiconductor 
substrate, the semiconductor substrate including the 
cell region and a scribe lane region, and the transistor 
including a source/drain; 

forming a ?rst interlayer dielectric ?lm on an entire 
surface (including the transistor); 

selectively etching the ?rst interlayer dielectric ?lm to 
form a ?rst contact hole and to expose a dopant junction 
layer; 

simultaneously forming a bit line and a landing pad so as 
to be connected through the ?rst contact hole to the 
dopant junction layer; 

forming a second interlayer dielectric ?lm on an entire 
surface (including the bit line and the landing pad); 

selectively etching the second interlayer dielectric ?lm to 
form a second contact hole so as to eXpose the landing 
pad and to form an aligning key region only in the 
second interlayer dielectric ?lm in the scribe lane 
region; 

burying a stacked ?lm of a plug and a barrier ?lm into the 
second contact hole; and 

sequentially forming a loWer electrode, a ferroelectric thin 
?lm and an upper electrode on an entire surface 
(including the barrier ?lm). 

11. The method as claimed in claim 10, Wherein the 
aligning key region is etched to a depth same as that of the 
second contact hole. 
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12. The method as claimed in claim 10, Wherein the 

second contact hole and the aligning key region are formed 
doWn to a depth of 100 A~5000 

13. The method as claimed in claim 10, Wherein the step 
of forming the stacked structure of the plug and the barrier 
?lm comprises the sub-steps of: 

depositing a ?rst conductive ?lm on the second interlayer 
dielectric ?lm, the second interlayer dielectric ?lm 
including the second contact hole; 

selectively etching the ?rst conductive ?lm to form a plug 
for being buried into the second contact hole doWn to 
a certain depth; 

forming a second conductive ?lm on an entire surface, the 
entire surface including the plug; 

carrying out a chemical-mechanical polishing on the 
second conductive ?lm until the second interlayer 
dielectric ?lm is eXposed; and 

removing the residual second conductive ?lm remaining 
on the scribe lane region. 

14. The method as claimed in claim 13, Wherein the ?rst 
conductive ?lm is formed by using any one selected from the 
group consisting of: 

phosphorus-doped polysilicon, arsenic-doped polysilicon, 
tungsten, tungsten silicide, TIN, TiAlN, TaSiN, TiSiN, 
TaN, TaAlN, TiSi and TaSi. 

15. The method as claimed in any one claims 13 and 14, 
Wherein at the step of forming the plug, if the polysilicon is 
used for forming the ?rst conductive ?lm, an etch-back is 
carried out to form a recess of 500 A~5000 

16. The method as claimed in any one claims 13 and 14, 
Wherein at the step of forming the plug, if a material other 
than the polysilicon is used for forming the ?rst conductive 
?lm, a chemical-mechanical polishing or an etch-back is 
carried out. 

17. The method as claimed in claim 13, Wherein the step 
of removing the second conductive ?lm comprises the 
sub-steps of: 

spreading photoresist on the second interlayer dielectric 
?lm to form a photoresist layer after carrying out the 
chemical-mechanical polishing on the second conduc 
tive ?lm, and carrying out a patterning by eXposure and 
development so as to form a mask for eXposing the 
second region; and 

carrying out a dry or Wet etching on the residual second 
conductive ?lm of the second region by using the mask. 

18. The method as claimed in claim 10, Wherein a spin-on 
method is applied at the step of forming the ferroelectric thin 
?lm. 

19. The method as claimed in claim 10, Wherein the bit 
line and the landing pad are formed by using any one 
selected from the group consisting of: 

phosphorus-doped polysilicon, arsenic-doped polysilicon, 
tungsten, and tungsten silicide. 

* * * * * 


